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ARPA-E – Buildings Technology
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Delivering Efficient Local 
Thermal Amenities

FOA released 4/29/14;

Concept Papers submitted 6/13/14



Hypothesis

‣ The latest breakthroughs in building controls have 

demonstrated significant efficiency improvements.
– Experiments using model-predictive control have yielded energy reductions 

of 10 − 12% [Oldewurtel] and 60% [Bengea] over a baseline business as usual.

‣ Advanced energy saving building controls are costly to 

design, install, and tune for each one-off building.
– Green premium ranges between 0% − 6.5% − 9%. [USGBC: 1,2,3]

– Commissioning costs range from $0.30 to $2.50/ft�
[Nicolow]

‣ Hindered adoption of these systems prevents energy 

savings nation-wide of greater than 1.0���� per year.
– Total US residential and commercial HVAC used ~9 ���� in 2010
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Energy Intensity

DRIVE DOWN COSTSDRIVE DOWN COSTS

Low-cost
Smart thermostat

Economical
BM & BMS

EIA Building Energy Data Book, RSMeans Online, LBL Report

The Whitespace for Energy Saving Controls



Outline

‣Workshop objectives

‣ US building energy consumption

‣ Current trends in building energy efficiency

‣ The challenge of mid-sized buildings

‣ Enabling technologies

‣Workshop objectives reminder

‣Workshop agenda
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Workshop Objectives

‣ Define opportunities: Break down the major costs to 

implementing energy saving building controls.

‣ Identify technologies: What technological approaches 

will be able to drive down each of the major costs?

‣ Define metrics: What are the cost and performance 

metrics that will inspire widespread adoption?
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US Energy Consumption
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HIGH

BUILDING

ENERGY

USAGE

“[New smart building systems] will

save 10-plus percent of the energy,

and then after 20 years, it's out of

tune, you can re-tune it up and you

will save a tremendous amount of

energy...We design airplanes in such

a way, we can design buildings in that

way too.” (Chu 2011)



US Energy Consumption
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IN-EFFICIENT LEGACY
BUILDING STOCK

LESS THAN 2% 

INDUSTRY R&D SPENDING
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Who is doing What?

▸Who: building type
% of respondents to EEVS / Bloomberg Energy Efficiency Trends surveys.
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▸What: type of EE projects
% of respondents to EEVS / Bloomberg Energy Efficiency Trends surveys.



Retro-commissioning
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PREVENT/ID DEGRADATION

TEST ENVELOPE TUNE BMS

COMPARE PERFORMANCE

www.horizon-engineering.com www.glumac.com

lbl.gov www.myhvacperformance.com



Building Analytics & Control

14Enabling Energy Efficient Building Managment - ARPA-E Mini-workshopOctober 23, 2014



Smart Thermostats
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Cost of Selected Thermostats

$249 $249

$244$299



Smart Thermostats
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Estimated Payback Period

1.4 yrs 1.4 yrs

1.4 yrs1.7 yrs

Connection point with 

the rest of the smart home+
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Energy Intensity

DRIVE DOWN COSTSDRIVE DOWN COSTS

Low-cost
Smart thermostat
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HVAC Energy Usage
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Principal Building Activity

1,001 to

5,000 

Square 

Feet

5,001 to 

10,000 

Square 

Feet

10,000 to 

25,000  

Square 

Feet

25,001 to 

50,000 

Square 

Feet

50,001 to 

100,000 

Square 

Feet

100,001 to 

200,000 

Square

Feet

200,001 to 

500,000 

Square

Feet

Over 

500,000 

Square 

Feet

5,001 to 

100,000 

Square 

Feet

Education .............................. 27 23 59 100 163 134 98 346

Office .................................... 71 45 95 76 60 77 82 47 275

Public Assembly ................... 27 38 91 25 39 68 193

Enclosed and Strip Malls ....... 19 55 33 59 52 44 165

Warehouse and Storage ...... 20 19 51 23 36 27 32 129

Service ................................. 60 34 53 29 > 116

Religious Worship ................. 14 24 44 31 > 99

Retail (Other Than Mall) ........ 25 25 50 18 21 > 93

Lodging ................................. 3 5 20 26 25 31 42 75

Food Service ........................ 46 37 30 > 67

Outpatient ............................. 8 14 16 11 > 41

Food Sales ............................ 22 15 > 15

Vacant .................................. 5 8 > 8

Inpatient ................................ 91 65 > 0

Public Order and Safety ....... 8 > 0

Other ..................................... > 0

~1 quad

HVAC Energy (Trillion BTU)

Building Size

EIA Building Energy Databook



HVAC Energy Usage
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Food Service ........................ 46 37 30 > 67

Outpatient ............................. 8 14 16 11 > 41

Food Sales ............................ 22 15 > 15

Vacant .................................. 5 8 > 8

Inpatient ................................ 91 65 > 0

Public Order and Safety ....... 8 > 0

Other ..................................... > 0
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HVAC Energy (Trillion BTU)

Building Size

EIA Building Energy Databook

1.00 quad (commercial)

+0.25 quad (multi-family res.)

~1.25 quad Mid-sized HVAC
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Federal Research Dollars…
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What do we do with all 
the sensors & platforms?

What do we do with all 
the sensors & platforms?



You All!
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Workshop Objectives
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Agenda

8:45AM 30m 9:15AM Registration & Breakfast -

9:15AM 15m 9:30AM Welcome & Introduction to ARPA-E Eric Rohlfing (ARPA-E)

9:30AM 30m 10:00AM Introduction to workshop Mike Kane (ARPA-E)

10:00AM 45m 10:45AM Lightning Introductions All

10:45AM 15m 11:00AM Coffee break -

11:00AM 15m 11:15AM Novel modeling and controls of buildings Igor Mezic (UCSB)

11:15AM 15m 11:30AM Breakthroughs in sensing and data systems Sidhant Gupta (Microsoft)

11:30AM 15m 11:45AM Implementation considerations presentation Jon Judkoff (NREL)

11:45AM 45m 12:30PM Breakout #1: Defining the opportunity SEE GROUPS

12:30PM 45m 1:15PM Lunch -

1:15PM 15m 1:30PM Breakout #1: Readout Note takers

1:30PM 60m 2:30PM Breakout #2: The straw-man SEE GROUPS

2:30PM 15m 2:45PM Recess -

2:45PM 60m 3:45PM Breakout #3: Future R&D SEE GROUPS

3:45PM 30m 4:15PM Readouts from breakouts Note takers

4:15PM 30m 4:45PM Open floor and wrap-up Mike Kane (ARPA-E)
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